NASA CR-188287

Contract Title: ESTABLISHING TIME-QUALIFIED REFERENCE VALUES

FOR SPACELAB 1, HEMATOLOGY EXPERIMENT INS 103

Final Report Final Report for:
Contract No. NAS9-16911
Submitted by: Chronobiology Associates
14610 Cedar Point Road '
Houston, Texas 77070
Date: <f§ébtember 4, 1984
(NASA-CR-188287) ESTABLISHING N94-T71975

TIME-QUALIFIED REFERENCE VALUES FOR

SPACELAS 1, HFMATOLOGY EXPERIMENT

INS 103 Final Report Unclas
(Chronobioloygyy Associates) 204 p

19/52 0010461






Contract Title: ESTABLISHING TIME-QUALIFIED REFERENCE VALUES

FOR SPACELAB 1, HEMATOLOGY EXPERIMENT INS 103

Final Report Final Report for:
Contract No. NAS9-16911

Submitted by: Chronobiology Associates

14610 Cedar Point Road

Houston, Texas 77070

Date: September 4, 1984




Preface

PART 1I:

PART II:

PART Ill:

PART |V:

TABLE OF CONTENTS

Transverse Studies
Section One: Means and Dispersion Indices
Section Two: Circadian Rhythms

Phase Shifting of Temporal Structure Due to the
Imposed Nocturnal Work, Diurnal Rest Schedule

Effect of the Space Environment and Associated
Factors on Hematologic Parameters

Discussion of Findings and Recommendations for
Further Investigations

Appendix A: Results of Single Cosinor Analyses by

Appendix

Appendix

Appendix

Astronaut, Variable and Study

B: Time-Qualified References Irrespective of
Age

C: Time-Qualified Means and Standard Deviations

of Hematologic Variables for Healthy Persons
20-49 Years of Age

D: Time-Qualified Reference Values for Selected
Variables

23

30

71



PREFACE

This report provides the findings of the evaluation of the space
environment and factors associated with space flight on selected hemato-
logic variables. Since many of the investigated variables had been
shown to exhibit circadian changes, these were taken into account by
first obtaining time-qualified reference ranges for each astronaut using
data acquired from three separate 28-hour transverse studies. During
these, blood and urine were sampled and oral temperature was measured
at 4-hour intervals. These data have been analyzed for circadian varia-
tion separately for each astronaut as well as for the three participating
astronauts considered together as a homogeneous group.

This final report is divided into four parts. Part | relates the
results of the transverse studies conducted to evaluate the variables for
circadian changes and to obtain data for creating the time-qualified
reference ranges. Part Il discusses based on urinary and also oral
temperature data obtained prior to and immediately after flight the
evidence for the achievement of successful biclogical-rhythm adjustment
following the scheduled alteration of the sleep-wakefulness routine of
astronauts 1 and 3 by 12 hours from diurnal activity and nocturnal sleep
(Houston time reference) to diurnal rest and nocturnal work. Part Il
presents the evaluation of the space environment and associated factors
on the studied hematologic variables using the individualized
time-qualified reference ranges. Part IV discusses the findings with
recommendations for follow-up investigations based on the experiences

and results of this research.



Included also in this final report are several appendices. Appendix
A gives the results of the cosinor analyses applied to each astronaut's
tranverse data sets. Appendix B provides time-qualified data either as
the parameters of the cosinor analysis (mesor, amplitude and acrophase),
chronograms and/or clock-hour references ranges for the variables being
investigated through this contract. The data of the figures in this
appendix are not differentiated according to age. The figures of
Appendix C, on the other hand, do provide age-specific, 20-49 years of

age, time-qualified references for the variables under study.



ESTABLISHING TIME-QUALIFIED REFERENCE VALUES
FOR SPACELAB 1, HEMATOLOGY
EXPERIMENT INS 103

Final Report

September 4, 1984

PART 1: TRANSVERSE STUDIES

Table 1 summarizes for each astronaut the degree of participation as
well as the dates and features of each transverse 28-hour study during
which blood samples were withdrawn at 4-hour intervals. The informa-
tion pertains to the scheduling of the 28-hour investigations such as
before or after transatlantic travel between the United States and Germa-
ny, as well as the number of blood and urine samples obtained and the
number of oral temperature measurements made.

Discussion of the findings from the first three transverse studies,
which were carried out well before the mission, is separated into two
sections. The first relates the means, standard deviations and coeffi-
cients of variation of each blood variable by astronaut. For the majority
of the variables, the means and standard deviations were derived from
the six to seven samplings of every transverse investigation. Two of
the astronauts (Nos. 1 and 2) participated in all three transverse stud-
ies; one astronaut participated in only two such investigations. The
second section gives the results of the Single Cosinor analyses (1) on

data from the transverse studies.
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SECTION ONE: MEANS AND DISPERSION INDICES

Tables 2 through 9 present the means and standard deviations by
variable and astronaut for each transverse study. The contents of these
tables reveal, in general, rather excellent consistency in the means of
each variable between astronauts from one transverse study to another
(Tables 2-6). For some of the variables, the coefficient of wvariation
(5.D./%100) is remarkably small, less than 5% (Tables 7-10). As
Table 10 shows, serum sodium and osmolarity as well as MCV, MCHC,
MCH and RBC are very well regulated, both within and between the
24-hour transverse studies. In two of the three astronauts, total pro-
tein and HCT also are finely regulated (the coefficient of variation, CV,
is less than 5%). On the other hand, certain blood values are less
precisely regulated, exhibiting at least a 203 CV (see Table 10). These
include serum erythropoietin, monocytes, eosinophils, reticulocytes and
alpha-1 protein. In two of the three astronauts, these include as well
alpha-2 protein and haptoglobulin.

In general, findings similar to these were detected by Sargent (2)
who conducted a series of single-time-point (unqualified for circadian
rhythms) studies on large numbers of United States Army recruits more
than three decades ago. Those hematological variables most critical for
optimal biological efficiency were found to exhibit the lowest coefficients
of variation; less critical ones exhibited greater variability. Coefficients
of variation were greatest for certain enzymes and for metabolites of
nutrients. Sargent hypothesized that the efficiency of homeostatic
regulation is hierarchical with those functions and variables most critical
for life processes having the most precise regulatory mechanisms.

Moderate to large coefficients of variation may represent several factors.



Log°e

TR G ¢
hg9°t

hic*1
6hlc*e
Leg*T

8¢5 Y
0es8°1
Tie°1

A0 Q1S
13H

Lhi*0

000°0
166°0

8L€°0
G€G°0
LLS°0

g86h°0
069°0
91s°0

A3C Q1S
JHIW

glc*eh

000*gH
LAY

La8®Uh
6ch*uh
6Ch® 0

000°¢H
9d¥Z°¢h
LEL* hh

NV 3w
13JH

LCT°®he

ovo*sg
hil*ce

€hilche
6ch® he
ouu*ng

98 °* he
gni*eg
EEE°NE

NV3w
IHIN

'3

INNOD
10H

3%

MNNNS OMN

O~ I~

INNOD
IHInW

ceL't

Thh*0
L8L°%0

919°v
cea*o
00€°0

Cfo o
SL9%0
2¢2°%0

A30 AlS
H9H

9946°1

8L€*0
he2't

8LE* 0
£IT T
#8h°0

ouo°o
9GL*0
80h°0

A30 d1s
HIW

SLG*hl

939G8°GsT
6CL°¢E1

620°h1
6¢6°¢1
N0L*ET

Lk *hT
62€°*HT
cel°cl

NVIW
g99H

Le1°0¢

lse*0g
hiLr*Le

ehi*ie
9ge*6e
968e°1¢

oun*1le
hiL*82
L91°1¢

NV 3IW
HIW

1°3 )

9

Ll
HOH

Qs

or~~

N~

L
L
9

InNOQgD
HIw

<Gyc*

uegtitey
eGHc*Q

nigi®Q
tlelcy
L2hl*y

he9ieo
chet*
Yhel®y

N30 als
JyH

Yhy'e

9G6L°0
£¢8'e

9GL%0
6" 1
PR A |
vgh®Q
6901
c£9°0

N30 Q1S
NIW

NQIG*+h
el h
Chet 4

LS9l
L3L6*Hh
LI68°Hh
NV3IW
24

SG0°*vy

9gl*uy
TL6°%18

LAWAEITS
6ch*ay
chi®*le

Ll DALY
LSvy°*Yy
0un°®oe

NV 3In
ADW

(34 1v
1My
L ¥
L c
v ¢
19
L ¥
L 4
L 1
<
L e
L <
9 i
1
ANNQD
JuM
1955 11l
97y
L €
L <
1} 1
9
L ¢
L 4
L ¢
e
L 3
L 4
9 1
1
1NMN0D
ANIW

1531 7 UHLSVY sSNMOY

iheuo.s1sy pue sajqelvepn Aq Apnis yose3 Joj suoneinsg puJepueis pue sueap
¢ 379v.L



6806°T

65.6°0

0691°T
T¢eL*1
ShES*O

cilhh®Q
cGhe*l
6198°1

A3C Q1S
ONOW

068°9

eog*¢g
86T1*L

93¢°*¢
089°4
G594

650°9
698°h
S90°s6

A3Q ai1s
A70d

gleg*e

0000*e
hilg'e

ceew° 1
ovoo*e
9yeh*e

oovve*t
6chil’h
L999°¢

NV 3w
ONOW

65C°*94h

L1 T
LS8*cS

EEL°GH
hil*hh
00U*hh

ouo°*tls
hiL*in
L91°Lh

NV 3w
A10d

94

(=3 e ]

O ~M~0

INNOD
ONOW

hS

MNYO O~

o~ ~

INNOD
A70d

h86°9

6hT*e
£0G5°9

T6h*h
oeL®e
162°¢

T2¢°*9
SL0°9
19°3 9 )

A30 dis
HdWAT

9L22°1

TLaLt0
STIh*T

hGL9°0
0560°1
S1GL*Y

oggh*0
6G09°1
LLEY*0

A30 dl1S
Jdm

hoL
T4S
6ZH

L91

9g¢

6ZHh
93¢
15°3%

NV 3IW
HdwWA?

h3S60

6Cho
9826

TLG0
hILT
LS80

LSRG
94e
L4990

NVIW
JEM

‘eh
-1

.mt
TLS°Ch
‘eh

.nm
*9n

‘hh hs

MO o~

O~ o~

*hh

‘9 G5

‘9 L
‘L L

‘s
°9
*9

~ N~~~

‘s
‘S
‘9

(Yol ol

1NNQD

JymM

ANNQD
HdiWA]

lgeeu*?d

YeLst 1

LFRARAS

veehel

N30 ais
UNVH

L TR AN

uLele*y
65L60°0

Lng11%p
SheLpn
us9utl*o
h60%2°0

49Twvg°*n
111cT*n

N30 0lS
JI1dy

9698° h

6Cchl’g

vovo’e
ooouo*e

98éh*y
oooo°*Tt

MV 3w
anve

92h09°V

£EE86°Y
9gZhh*

0000G*Y
g93Zhh*0)
6Z2h1y*d

geego° !
0ugoge*n
L9996y

NV 3w
JIL3M

L

9

1
J

1531 / UY1Sv

ec v
0 <
L 4
/] 4
0 1
l 4
1 T
0 €
Va [
T i
1MNnod
dhvy
4 RRLY
¥
(4
i
€
4
§
%
4
i
N0 2J
113¥

1Neuo.1sy pue sajgeluep AQ Apnmis yoe3 oy SUOIIRINS(Q puepuel}S pue sueap

€ 31gvl

1y

1y

SSNMOY



BS54 T*0

L56850°0
21660°0

8968L0°0
ehThil®Q
069010

SSIs0*v
0Teet*o
6oo000°0

A3Q ais
cvHdy

gcle°0

ec9g°*0
®89¢*0

9¢62°0
S08¢g°0
c91g*0

hhec*o
6692°0
cheT*o

A3Q QLS
0%d10L

T643G°*0

1LS8%°0
£9TLG6°)

9uchh®g
0000L%0
6chl9*y

LXFES°U
voous*o
ooQus°®o

NV3w
¢VHd v

glLe L

S8cr*L
hTLTI®L

6En1*L
LSnh* L
HLVEVE VA

CeeT*L
14G6T1°%2
Quhh*L

NV W
0ddiol

€S

o~

~~~

N~

iNNOD
ZVHdY

6%

or~~

~~~

9
L
S

INNQD
0¥di01

LBOTT®0

665200
856.0°0

08L£0°0
g8eLLT%0
L6680

Hh91G0°0
096hT1°*0
0o0000°0

A0 dis
TvHd Y

ooueo*o

A30 d4ls

osvd

£2962°0

1A XA
382Hhe0

TL68T°0
TLGRE* 0
TLs82°0

199920
L582€°0
gooogc*o

NV3W
TVHd Y

0000°T

0000°T

0000°T

NV 3IW
osvd

€S

o~~~

~~~

U~ L

Infigd
TVHd VY

coc

- C

0
0
T

1INIOD
0Svy

68L5°0

1685°0
BESG*0

hég9*y
Sole®o
S0uE°®Q

9928¢*y
cGTE*Y
hiuc*o

N3G gLs
ngly

¥ggLe e

0oo0s*o
hlG6*(

LTlc*1
689l
bGEL®E

LLE9¢
59Ty ° U
¥8G6cC* ¢

N30 ais
Su3

BOCH* b

W1LG*%¢
000C°*H

6che* h
9g8e¢h° h
enle*h

£C€EE"H
9920 4
0098°h

NV 3w
wnyv

h901°g

09ge*¢e
oosLct

LY399° 4
0000°8
vooo0‘ot

EhlL®h
L999°1
0006°h

NV 3W
S013

L

N~

L
9
9

1
S

1531 7/ 0OdLisv

gc 1M
l ¢
l °
0 1
L ¥
L ¢
L 1
9 %
L (4
S t
INMOD
wigv
h TV
g
c
1
¢
14
T
14
c
b
N0 D
03

ineuouIsy pue sa|gelepn Ag Apnis yoe3z uJoy SUOI1RIASQ pJepURIS puB SuP3

~ IO

v

v

‘SNMOY



05°0
kG0
Go°t

A30 ats
VA

EA YA

SG°fT
Li*8

¢ce*or1
BE°GI
he*9

€G°*9
1L.°8
LA A

ASQ a4s
O1ldVH

She6¢CT
0C0°TwT
L5001

gv6xl
TL°6%T
TL*6TFT

bT°Sy T
LGS*LET
05°6¢1T

NV 3N
VN

cL*GB

TL°1G
1L°09

LS I¢eT
LAGE R
98°011

6C°16
TL*66

802%aS

NV3in
OlddvH

e T~ 0 Ty

o~ o~

INNOJ
YN

LA

o ~~

~s~

INNOJ
01dVH

0L*9
12°¢L
68°071

A3Q Ots
LI%¥35

TelIC*0

Jd9T1Z2°0
SEne*o

g89¢c*o
c9€9°0
L1GC*0

¢981°0
Shelty
hogtl*Q

A3Q ais
VAWV

0L°L9
L2 Sl 2
9d*Cy

LS €S
LS°GE
LG g

Ls°00¢1
LG*g11T
03°0xT

NV3aA
LI¥y34

R LTAR!

000%°1
L3Bg*T

LS86°0
LG8T°1
000h°T1T

L99¢2°1t
ehig*t
0080°T

NY3INW
Yirkv9

o~~~

M~~~

L
L
S
LNNGI

LIye3id

£S

NN~ o~~~

WD M~ $

LNfIQD
VANYY

65°tY
Jg*ic
ég*iLc

A R
TL%6¢
9L°¢e

b3°ec
3%t
83°61

A3C ais
dSNvYl

0Z1ti*o

0EesST°0
S91s0°0

uouoT®g
rwiIYT®D
Ue9uT*y

L9¢w0°*0
0g8tp°*n
clhhp*Q

N30 als
V1i3y

T1°5L¢

62°€8¢C
94°G652

Jo®l8c
ECAE N Y
Eh*982

TL°T8E
6d*Hved
0b°19¢

NV 3N
JdSNvul

cvscL*o0

0C00L°0
go00L"0

0000L°9
h1LGL* 0
eéchlig*d

000GL*9
£Hh1L9°0
vooccLev

NV 3IW
vi3g

LA 1
L ¢
l . C
¢ 1

£
L £
L Z
L T

4
L £
L 4
c 1

1
INAQD
ASNvyYl
£S Ty

i v

L ¢
L é
0 1

€
L &
L 4
L 4

4
9 X
L c
S i

1
LNQD
viig
1531 /7 OQH1ISV ispQy

ineuosIsy pue sajqeluep AQ Apmis yoe3 .oy SuollelA3Q pJepuelS pue sueap
S 37d9vl



95Lch*y

¥eBUT 0

¥gohr®o
LES60°%)

186G8°0
LhEE2*o

N3Q ods
93 ¥3S

cg49sHh° U

9A9c2h* 0

ehilee*0
62h6C*V

L586L°0
00S4Lc*Y

NV3wW
d3 43S

he 90°L
¢s°*L
h1°1T

c~C

ch'g
0H°E
£1°1

~n~c

0 hete
L hy*9
9 £6°¢

ANN0D
dd ¥3s

A30 ai1s
OWSO

gl*2ee

98°hed
no*cog

00°062
96°¢€é6e
ceh*l6ee

00°68¢
hl*gee
£9°T62

NV 3w
OnSOo

94 78¢6°Q

L S6h0°1
L 8E9L®y
0 -

L STEhep
L HSh0e*(
L LT6c* 0

L elec*Tl
L flgst(
9 egel*y

INNOD N30 ails
OWsSQ ?

0008*h

LG88°h
EHT9*y

62h9° 4y
LG88°*Hh
chlg* 4

hilLe*s
6ch6* %
000S°h

NV3W
b

GY 1y
Tv

o~~~
- O\

INAIQD
b |

1531 7 VYISV gm0y

ineuouisy pue ssjqelsep AQ ApniS yoe3 Joy suoneiAaqg pJepueis pue sueap
9 3719Vl



These may include among others, laboratory technique, specificity and
reliability of chemical analyses, astronaut activity (the effects of training
or travel), nutrition, alcohol and circadian rhythmicity.

There do appear to be differences between the means of some of the
variables of Transverse Study No. 2 (conducted 3 to 11 days depending
on the astronaut after arrival in Germany from the United States),
Transverse Study No. 1 (conducted several days before transatlantic
travel to Germany) and Transverse Study No. 3 (conducted several
weeks after return to the United States from Germany). In particular,
the mean MCV and MCH values determined in Germany for astronauts 1
and 2 (Tables 2-6) were lower in Germany than were they in the United
States. With respect to astronaut 3, who did not participate in Trans-
verse Study No. 1, certainly one can conclude that the means of MCV
and MCH of Transverse Study No. 2 conducted in Germany are markedly
lower than those of Transverse Study No. 3 done in the United States.
Except for astronaut 2, the findings for MCHC are generally similar.
This is the case also for reticulocytes. Although there appear to be
some location-dependent differences in other variables, such as in hapto-
globin, eosinophils, ferritin, erythropoietin (EP) and monocytes, they
are not large and/or the standard deviations are great. Except for
reticulocytes, bands, eosinophils and ferritin, there is surprisingly little
deviation in the means of the variables between astronauts.

The finding of apparently statistically significant differences be-
tween the Xs of certain variables as found from comparisons of the means
and standard deviations of studies done in the United States (Transverse

Studies No. 1 and No. 3) and the one done in Germany (Transverse



Variation for Astronaut 1 (Data for the Three

TABLE 7

Overall Means, Standard Deviations and Coefficients of

Transverse Studies Combined)

Hematological Variables

No.of  overai  Coeffident  Repkeof
Variable Data X * 5.D. (S.D./%+100) Variation
mMCvV 20 89.15 + 1.90 2.13 3
MCH 20 30.25 £ 1.25 4.14 8
MCHC 20 33.90 * 0.79 2.32 4
RBC 20 4.88 * 0.18 3.60 5
HGB 20 15.24 * 2.48 16.27 15
HCT 20 43.50 * 1.61 3.69 6
RETICULOCYTES 16 0.54 + 0.30 55.79 22
WBC 20 5.82 * 1.02 17.50 17
POLYMORPHS 20 43.10 * 6.95 16.12 14
LYMPHOCYTES 20 48.20 * 7.96 16.51 16
MONOCYTES 18 3.17 * 1.82 57.57 23
EOSINOPHILS 19 3.68 + 2.43 65.90 24
TOTAL PROTEIN 18 7.23 = 0.27 3.76 7
ALBUMIN 18 4.36 * 0.45 10.26 10
ALPHA 1 18 0.30 £ 0.10 32.34 20
ALPHA 2 18 0.63 £ 0.17 26.66 19
BETA 18 0.71 £ 0.07 9.51 9
GAMMA 18 1.23 * 0.17 14.18 13
HAPTO 19 71.21 * 24.42 34.29 21
TRANSF 19 258.89 + 30.92 11.94 11
FERRITIN 12 115.16 * 14.63 12.70 12
SODIUM 20 138.35 * 1.14 0.82 1
POTASSIUM 20 4,93 + 1.23 25.02 18
OSMOLARITY 20 289.55 * 4.59 1.59 2
SERUM EP 13 0.60 * 0.66 110.07 25




TABLE 8

Overall ‘Means, Standard Deviations and Coefficients of
Variation for Astronaut 2 (Data for the
Three Transverse Studies Combined)

Hematological Variables

. Coefficient Rank of
\S/gl“r"?;g?e Ngét:f _).(O\éegalll) Var‘ia;tion Coeffici.ent
T (5.D./X-100) Variation
MCV 21 89.10 * 2.98 2.35 4
MCH 21 30.57 * 1.17 3.81 5
MCHC 21 34.19 * 0.51 1.50 3
RBC 21 4.54 + 0.22 4.84 9
HGB 21 13.89 * 0.61 4.37 7
HCT 21 40.57 t 1.66 4.09 6
RETICULOCYTES 18 0.60 £ 0.20 32.84 20
WBC 21 5.77 * 0.97 16.76 17
POLYMORPHS 20 44.65 * 4. 11 9.20 10
LYMPHOCYTES 20 44.50 * 4.40 9.88 11
MONOCYTES 20 2.45 * 1.28 52.09 25
EOSINOPHILS 20 7.70 * 3.50 45.40 23
TOTAL PROTEIN 21 7.31 £ 0.35 4.74 8
ALBUMIN 21 4,50 * 0.69 15.29 16
ALPHA 1 21 0.29 £ 0.14 48.61 24
ALPHA 2 21 0.59 £ 0.15 25.93 19
BETA 21 0.76 + 0.13 17.00 18
GAMMA 21 1.19 £ 0.43 36.22 21
HAPTO 21 118.52 * 14.37 12.12 13
TRANSF 21 296.05 * 29.61 10.00 12
FERRITIN 21 37.57 £ 5.44 14.47 15
SODIUM 21 139.62 * 0.80 0.57 1
POTASSIUM 21 4.71 * 0.59 12.42 14
OSMOLARITY 21 291.76 * 3.30 1.13 2
SERUM EP 14 0.34 £ 0.13 36.78 22




Variation for Astronaut 3 (Data for the

TABLE 9

Overall Means, Standard Deviations and Coefficients of

Three Transverse Studies Combined)

Hematological Variables

. Coefficient Rank of
\S/Si?;z?e Ngét:f )_(O\i/egalllD Variation Coeffici_ent
T (5.D./%-100) Variation
MCV 14 84.93 * 3.55 5.15 6
MCH 14 29.29 * 1.86 6.34 8
MCHC 14 34.36 * 0.93 2.70 2
RBC 14 5.05 * 0.19 3.82 4
HGB 14 14.66 * 1.14 7.79 9
HCT 14 42.86 * 2.60 6.06 7
RETICULOCYTES 13 0.69 * 0.32 46.23 25
WBC 14 6.99 + 1.47 21.05 19
POLYMORPHS 14 53.07 £ 5.39 10.15 10
LYMPHOCYTES 14 40.00 * 5.95 14.87 15
MONOCYTES 7 3.38 £ 1.06 31.42 23
EOSINOPHILS 8 2.00 £ 0.76 45.40 24
TOTAL PROTEIN 14 7.25 * 0.36 4,98 5
ALBUMIN 14 4,39 t 0.58 13.23 12
ALPHA 1 14 0.31 £ 0.08 26.98 21
ALPHA 2 14 0.53 + 0.10 18.81 18
BETA 14 0.70 £ 0.12 17.72 16
GAMMA 14 1.39 £ 0.20 14.49 14
HAPTO 14 56.21 £ 11.92 21.21 20
TRANSF 14 269.57 * 30.27 11.23 11
FERRITIN 14 48.50 * 6.70 13.81 13
SODIUM 14 140.79 * 0.89 0.63 1
POTASSIUM 14 4.75 * 0.89 18.79 17
OSMOLARITY 14 298.93 * 10.06 3.37 3
SERUM EP 7 0.42 £ 0.11 25.62 22

[



Table 10

Precision of Regulation Assessed By
Coefficient of Variation (CV)

Hematological Variables Across
Astronauts Exhibiting:

CV Less than 5% CV More than 20%
SERUM SODIUM SERUM EP

MCV EOSINOPHILS
MCHC RETICULOCYTES
MCH* MONOCYTES
OSMOLARITY ALPHA 1

RBC ALPHA 2¥*

HCT* HAPTO*

TOTAL PROTEIN*

*For two of the astronauts studied.
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Study No. 2) is intriguing. On the one hand, the differences might
indicate changes arising from the adjustments in the circadian system
following alteration in the rest-activity schedule of the astronauts subse-
quent to rapid geographic displacement by jet aircraft from Houston to
Germany. On the other hand, these findings might result from differ-
ences in life style followed by the individual astronauts while studied in
the United States in comparison to Germany. The latter might include
the effects of variations in the quantity or quality of food and/or alcohol
consumed. Another factor to consider is the possibility  of
laboratory-related analytical biases since blood samples were analyzed in
more than one laboratory. The effect of the laboratory influence should
be reviewed in order to assess the contribution of such, if any, to the
apparent location-dependent differences for the variables specificed

above.

SECTION TWO: CIRCADIAN RHYTHMS

The data which were collected at approximately equal intervals over
the 28-hour continuous spans of the three separate transverse studies on
each astronaut were analyzed by the Single Cosinor method (1). Initial-
ly, cosinor analyses were conducted on the data of each astronaut by
variable and transverse study. The results of these analyses, which are
reported in the tables of Appendix A of this report, indicate no consis-
tent phase differences among the variables between the studies done in
the United States and Germany. Thus, it appears that the transverse
study done in Germany was conducted at a time apparently when com-
plete physiological adjustment to the activity-sleep routine of Germany

had been achieved.
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To further analyze the data of each astronaut, every one of the
time series of the transverse studies was combined as if the data were
obtained at approximately 4-hour intervals during two (astronaut 3) or
three (astronauts 2 and 3) successive 24-hour spans. The results of
the analyses are presented in Table 11. In this as well as the other
tables summarizing the results of the cosinor analyses, the statistical
significance of rhythm detection is indicated as are the rhythmometric
endpoints: mesor (24-hour rhythm-adjusted mean), amplitude (a measure
of the predictable variation due to circadian rhythmicity) and acrophase
(the clock hour of the peak value in the time series referenced to 0000),
all determined by the fitting of the approximating model--a single cosine
curve.

Using the data of each astronaut separately (for all but
astronaut 3, three transverse studies with between 8 and 21 data points
per variable), statistically significant circadian rhythmicity is detected
for total protein, osmolarity, WBC and potassium for all the astronauts
and albumin for two of the three astronauts. The amplitudes, consid-
ered as the peak-to-trough difference (equal to twice the amplitude
value, i.e., 2A), expressed relative to the mesor differ between astro-
nauts and variables. For example, for WBC the total (peak-to-trough)
variation expressed relative to the respective mesor amounts to between
29.5% (astronaut 1) and 37.2% (astronaut 3), with peak numbers occur-
ring between 2004 and 2156. For potassium, a circadian rhythmicity of
similar timing (2100-2200) with peak-to-trough variation ranging from
17.1% (astronaut 2) to 51.8% (astronaut 1) relative to the respective
mesor is detected. For albumin, for which statistically significant

rhythms were detected for two of the astronauts, the peak-to-trough
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TABLE 11

Circadian Change in Hematological Variables (data of all transverse
studies combined per astronaut)

. . a
Circadian

Hematological Astronaut No. of Mesor 2A as
Variables Studies Samples Mt S.D. oA Acro- S M
phase

Erythropoietin Merbold 13 0.58 £ 0.20 0.42 1031 73.7%
Ockels 14 0.34 + 0.04 0.06 0748 16.5%

Parker 7 0.42 + 0.05 0.1 0154 26.1%

RBC Merbold* 20 4.87 £ 0.04 0.26 1419 5.3%
Ockels 21 4.53 £ 0.05 0.26 1332 5.7%

Parker 14 5.04 £ 0.04 0.40 1409 7.9%

HGB Merbold 20 15.16 * 0.54 2.88 1504 19.0%
Ockels** 21 13.84 * 0.12 0.94 1409 6.8%

Parker 14 14.65 * 0.33 0.61 1424 4.2%

HCT Merbold* 20 43.38 * 0.33 2.45 1354 5.6%
Ockels* 21 40.46 * 0.34 2.13 1255 5.3%

Parker 14 42.84 * 0.74 1.58 1500 3.7%

MCV Merbold 20 89.14 £ 0.45 0.19 1548 0.2%
Ockels 21 89.13 * 0.69 1.16 0429 1.3%

Parker 14 84.97 * 1.23 3.26 0154 3.8%

MCH Merbold 20 30.24 £ 0.30 0.49 1605 1.7%
Ockels 21 30.57 + Q.27 0.64 1910 2.1%

Parker 14 29.30 % 0.53 1.02 0130 3.5%

MCHC Merbold 20 33.89 * 0.19 0.26 1046 0.8%
Ockels** 21 34.18 * 0.10 0.72 1745 2.1%

Parker 14 34.35 £ 0.27 0.49 1013 1.4%

Reticulocytes Merbold 16 0.50 + 0.08 0.30 1230 60.0%
Ockels 18 0.59 + 0.05 0.19 1734 32.2%

Parker 13 0.69 £ 0.10 0.18 1146 26.1%

WBC Merbold* 20 5.89 + 0.20 1.74 2004 29.5%
Ockels** 21 5.84 + 0.16 1.94 2156 33.2%

Parker** 14 7.01 £ 0.32 2.61 2132 37.2%

Polymorphs Merbold 20 43.14 * 1.65 2.80 0505 6.5%
Ockels** 20 44.49 * 0.80 6.87 1910 15.4%

Parker 14 53.01 = 1.46 5.61 14712 10.6%

Bands Merbold 8 5.43 £ 1.22 2.84 0554 46.8%
Ockels** 8 3.22 * 0.33 3.25 0536 100. 9%

Parker 8 6.24 * 0.33 3.80 0244 60.9%



TABLE 11 (continued)

. . a
Circadian

Hematological Astronaut No. of Mesor 2A as
Variables Studies Samples M*sS.D oA Acro- M
phase

Lymphocytes Merbold 20 48.29 + 1.84 5.44 1907 11.3%
Ockels 20 44.63 * 1.01 3.16 0520 7.1%
Parker 14 40.04 * 1.65 4.87 0316 12.2%
Monocytes Merbold 18 3.13 £ 0.44 1.64 1257 52.4%
Ockels 20 2.44 + 0.28 1.34 0936 54.9%
Parker 8 3.48 * 0.32 2.16 1236 62.1%
Eosinophils Merbold 19 3.56 £ 0.60 1.54 1108 43.3%
Ockels 20 7.69 t 0.83 0.42 1006 5.5%
Parker 8 1.82 * 0.28 1.25 1015 68.7%
Sodium Merboid 20 138.31 + 0.27 0.74 1325 0.5%
Ockels 21 139.61 + 0.26 0.42 0836 0.3%
Parker** 14 140.78 + 0.20 1.46 0719 1.0%
Potassium Merbold** 20 5.06 £ 0.18 2.62 2224 51.8%
Ockels* 21 4.74 t 0.12 0.81 2141 17.1%
Parker** 14 4.76 * 0.19 1.60 2053 33.6%
Osmolarity Merbold* 20 289.86 * 0.97 2.97 2230 1.0%
Ockels** 21 292.00 * 0.64 5.10 2324 1.7%
Parker** 14 299.18 + 2.04 1.38 0105 7.1%
Total Protein Merbold** 18 7.18 £ 0.06 0.49 1526 7.0%
Ockels** 21 7.29 £ 0.07 0.53 1625 7.3%
Parker¥* 14 7.25 £ 0.07 0.71 1632 9.8%
Albumin Merbold 18 4.34 + 0.1 0.32 1534 7.4%
Ockels* 21 4.46 * 0.14 0.93 1012 20.7%
Parker¥ 14 4.38 + 0.14 0.89 1616 20.3%
Alpha 1 Merbold 18 0.29 * 0.02 0.08 1124 27.6%
Ockels 21 0.28 £ 0.03 0.17 1828 60.0%
Parker* 14 0.31 + 0.02 0.10 0001 32.3%
Alpha 2 Merbold 18 0.63 * 0.04 0.07 2001 11.1%
Ockels 21 0.59 * 0.03 0.15 2031 25.0%
Parker 14 0.53 * 0.03 0.09 2304 17.0%
Beta Merbold 18 0.71 * 0.02 0.08 1657 11.4%
Ockels 21 0.76 * 0.03 0.16 2000 21.1%
Parker 14 0.70 * 0.03 0.09 1006 12.9%
Gamma Merbold 18 1.22 * 0.05 0.1 1300 9.0%
Ockels** 21 1.20 £ 0.09 0.64 2040 53.3%

Parker



TABLE 11 (continued)

. . a
Circadian

Hematological Astronaut No. of Mesor 2A as
Variables Studies Samples Mt S.D. oA Acro- M
phase

Transf Merbold* 19 259.21 t 6.74 40.8 1901 15.7%
Ockels 21 295.24 + 6.42 29.2 1702 9.9%

Parker 14 269.24 * 7.92 39.2 1504 14.6%

Ferrit Merbold 19 114.34 + 3,54 11.8 1403 10.3%
Ockeis 21 37.45 * 1.19 5.0 1724 13.4%

Parker 14 48.46 * 1,93 3.0 1200 6.2%

Hapto Merbold 19 70.39 * 6.0 13.2 0848 18.8%
Ockels 21 118.22 + 3.28 7.8 1032 6.6%

Parker 14 56.11 * 14.73 14.73 1548 26.3%

aAmplitude given as total peak-to-troug
as clock hour and referenced to 0000

Statistical significance: *0.10 > p > 0.05; **p £ 0.05

h difference (2A) and acrophase given

; both determined by Single Cosinor.
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(2A) difference expressed relative to the mesor is slightly lower. For
albumin it is between 7.0% (astronaut 1) and 20.7% (astronaut 2) with an
acrophase between 1000 and 1600.

For the other hematological variables circadian rhythmicity was not
detected. Although the peak-to-trough differences are rather large for
certain variables--polymorphonucleocytes, monocytes, |ymphocytes and
eosinophils, the variance accounted for by the approximation of the data
using a single cosine is not statistically significant. For some variables,
the amount of peak-to-trough variation over the 24 hours is rather low,
equal to about 5% of the mesor. These variables inciude RBC, HCT,
MCV, MCH, MCHC and sodium. It is of interest to note that these
variables which exhibit the least peak-to-trough difference over the
24 hours are precisely those which have the lowest coefficients of varia-
tion (Table 10). Conversely, those variables which exhibit the greatest
peak-to-trough difference, even if circadian rhythmicity is not statisti-
cally validated, are those which have the highest coefficients of variation
(Table 10).

Table 12 presents the findings of the cosinor analyses of the vari-
ables when the data of each are considered as being derived from a
homogeneous sample of the three astronauts. The table shows for which
variables circadian rhythms are documented among the 27 or so studied.
Except for bands, WBC, albumin, beta protein, potassium and
transferritin, the peak-to-trough (2A) difference is moderate. As
expected, RBC, HGB and HCT exhibit similar acrophases; all occur in
the afternoon around 1400. WBC, osmolarity, potassium and beta protein

have nocturnal acrophases.
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TABLE 12

Circadian Rhythms in Hematological Variables of the Three Aﬁ,tronauts
Using All the Data of the Three Transverse Studies

) Circadian 2A as
Studied Mesor, M
Variable Mt S.D. Ampli- Acro- M

tude phase

RBC** 4.78 *+ 0.04 0.13 1402 6%
HGB** 14.36 * 0.11 0.43 1410 0%
HCT* 42.14 * 0.30 1.00 1340 7%
wBC** 6.16 £ 0.15 0.89 2301 32.1%
Bands** 4.94 * 0.47 1.78 0440 51.8%
Total Protein** 7.25 * 0.04 0.28 1603 7.7%
Albumin* 4.39 * 0.08 0.25 1326 11.48%
Beta* 0.73 £ 0.01 0.05 1855 14.0%
Potassium** 4.85 * 0.10 0.84 2147 34.6%
Osmolarity** 293.18 * 0.87 4.66 0011 3.2%
Transf** 275.59 * 4.44 17.19 1708 12.44%

aAmplitude expressed as one-half the peak-to-trough difference and acro-
phase in clockhours from 0000; both estimated by the least squares fit of
a single cosine to the data of all subjects placed end-to-end.

Statistical significance of rhythm detection: *0.05 < p < 0.10; **p < 0.05.
TThe variance accounted for by the fit of a single cosine curve to the time
series is approximately 5 to 10% for HCT, HGB, RBC, Albumin, Beta and
Transf; approximately 20% for WBC, Bands and Osmolarity and approxi-
mately 30% for total protein and 40% for serum potassium. Thus, although
circadian rhythmicity was detected for several variables, the single cosine
model for fitting the data appears to be best representative only of the
temporal patterns in WBC, Bands, osmolarity, total protein and potassium.
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At the onset it was anticipated that circadian differences would be
detected in a greater number of variables than found. An explanation
for the failure to substantiate circadian rhythmicity in more variables can
be hypothesized only. In the case of those variables which have been
previously reported to exhibit small-amplitude 24-hour changes (see
Appendices B and C), the so-called "nojse" resulting from factors and
conditions related to the rigors of the astronauts' training cannot be
ignored. Too, the required travel between training bases within the
United States and also between continents with the possibility of a
consequent desynchronization of circadian bioperiodicities makes rhythm
detection difficult and/or description less accurate. Iin  future
chronobiologic investigations, it is receommended that the transverse
studies be conducted at a time when synchronization of circadian func-
tion can be ensured and in facilities where important exogenous factors,
such as activity level and meal timings and content, can be carefully

controlled.

SUMMARY

The data acquired from the three transverse studies indicate that
several hematological variables are rather finely regulated at one atmo-
sphere. This is exemplified by the fact that several exhibit relatively
little variation in their individual values over the 24 hours. Further-
more, for many variables there is relatively little difference between the
means of the astronauts. In general, only a few variables exhibit
large-amplitude circadian rhythms. Circadian rhythms in those

functions/variables which are precisely regulated are either not detect-
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able or of quite low amplitude (generally the peak-to-trough differences

over the 24 hours are less than 5% M).

22 '\/



PART Ii: PHASE SHIFTING OF TEMPORAL STRUCTURE DUE TO THE
IMPOSED NOCTURNAL WORK, DIURNAL REST SCHEDULE

The activities of this space flight necessitated that work be per-
formed continuously throughout each 24 hours. In order to meet this
need, different crew members were assigned (relative to Houston time) to
either diurnal work and nocturnal rest or to nocturnal work and diurnal
rest. Astronauts 1 and 3 who are reported upon here were assigned to
the latter shiftwork schedule.

Although it was hoped that a sufficient number of urine samplings
as well as oral temperature determinations could be gathered during the
period of isolation before flight in order to assess the degree to which
adjustment of circadian functions was achieved following the preflight
alteration in the schedule of sleep and activity, this was not possible.
Since the mission was delayed from its scheduled date the proposed
protocol for gathering the needed data could not be followed. However,
a similar protocol was used during the postflight span to obtain time
series data on oral temperature as well urinary Na+, k+ and cortisol
among others. These latter were analyzed by Cosinor analysis to indi-
rectly assess to what extent if any phase shifting (A¢) of these circadian
functions did occur.

Figures 1-3 depict the results of the cosinor analyses applied to the
time series of urinary Na+, K+, Na/K and cortisol obtained by collecting
sequential urine voidings and by recording oral temperature at specified
times throughout the waking span of each 24 hours for the 4 to 6 days
postflight. In these figures, the ordinate scale indicates by a positive
or negative sign an advance or delay in the circadian acrophase (peak

time = ¢) for a given 48-hour postflight span relative to the baseline
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circadian ¢ (as determined utilizing all the urine or oral temperature time
series data obtained during the three transverse studies). To ensure a
sufficient data base to obtain the best possible estimates of the circadian
acrophase on a day-by-day basis following space flight, Cosinor analyses
were conducted on data sets of 48-hour durations. Analyses proceeded
in a stepwise progression; data for each sequential 24-hour span were
added as data for the earliest 24 hours were deleted. For example, the
acrophase shown for the 48-hour span labeled 0+1 on the abscissa was
derived from a Cosinor analysis of the data of the 48-hour duration
defined by the day of landing (0) from 0000 until 2359 Houston time of
the next day (+ 1); the acrophase for the span labeled on the abscissa
1+2 was derived from a Cosinor analysis of data obtained during the 48
hours extending from 0000 of day 1 until 2359 of day 2 after landing and
SO on.

Overall, the plots shown in the three figures reveal relative little
evidence that the circadian acrophase of each studied variable underwent
significant alteration due to night work with daytime rest in these two
astronauts. Since the baseline acrophase of each variable was deter-
mined from data obtained from each astronaut while adhering to diurnal
activity and nocturnal sleep, it was expected that a 12-hour shift in the
activity-sleep schedule would induce a corresponding shift in the circadi-
an time structure, measureable by A¢s in the variables plotted, assuming
complete adjustment of the circadian system to the new routine. Thus,
the acrophase values for each of the variables were expected to exhibit a
significant displacement (A¢), by around 12 hours, from the baseline
especially for the first few days after landing, a time when the astro-

nauts were once again adhering to their diurnal activity/nocturnal rest
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routine such as before flight. Except for the acrophase plots of urinary
sodium of both astronauts 1 and 3 and perhaps to a limited extent for
that of Na/k of astronaut 3, there is no convincing evidence of complete,
or perhaps even partial, circadian adjustment as denoted by acrophase
shifts (A¢) to the altered work-rest schedule. With respect to Na+, it
is difficult to determine what these Ads represent, i.e., a true alteration
in the staging of the circadian rhythm or a "masking" effect due to a
different meal scheduling from that occurring in flight, for example. In
fact, the plot for urinary cortisol, usually a rhythm exhibiting relatively
slow adjustment of its acrophase with changes in the work-rest routine,
reveals at most only slight difference from the (diurnal activity) baseline
acrophase. Only for the 0+1 data of astronaut 1 and for 1+2 data of
astronaut 3 are there deviations from the baseline ¢ and these are rather
insignificant, constituting no more than a A¢ of two hours. Sufficient
data on oral temperature are available only from astronaut 3 during the
postflight duration. There were not enough data from astronaut 1 to
conduct analyses. The acrophase plot for astronaut 1 is inconclusive.
In most persons the oral temperature circadian rhythm exhibits rather
rapid adjustment to alterations in synchronizer schedule. Although the ¢
values are at first displaced by many hours relative to the baseline
reference, the trend in the timing of the circadian ¢ with the passage of
time postflight is not toward the reference ¢. Thus, the monitoring of
this variable alone in a retrospective manner as done here does not
provide insight into the question of whether the circadian system of this
astronaut shifted due to the imposed change in his sleep-activity

routine.
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Based on the urinary cortisol acrophase plots of astronauts 1 and 3
which appear to be the best index of circadian system staging, it is
suggested, lacking the availability of other time series data immediately
before and throughout flight, that complete and perhaps even partial
chronobiologic adjustment to the altered rest-activity schedule did not
result. If indeed this is the case and with the flight log documenting
work during the night and rest during the daytime relative to Houston
time, one wonders in the space environment if other more dominant
synchronizers of circadian rhythms are in operation than the one cur-
rently believed to be the most important for human beings on earth, the
rest-activity schedule. Such speculation most be tempered in view of
the small number of astronauts thus far studied in this manner and the
relatively small number of samples available during each 24-hour span
after flight and also without time series data on indicator variables

before and during flight.
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PART Ill: EFFECT OF THE SPACE ENVIRONMENT AND

ASSOCIATED FACTORS ON HEMATOLOGIC VARIABLES

The contents of Table 12 on page 20 reveal 8 hematologic parame-
ters (RBC, HGB, WBC, bands, total protein, potassium, osmolarity and
transferritin) to be circadian rhythmic and 3 others (HCT, albumin and
beta protein) to exhibit near statistical significance. It is especially
relevant that time-qualified reference values (TQRV) be used for these
variables. It seems worthwhile as well that TQRV be used for variables
(reticulocytes, monocytes, alpha-1, and alpha-2 protein) exhibiting large
coefficients or wvariations in the absence of demonstrable circadian
rhythmicity.

In the series of Figures (4-39) included in this part, TQRV are
shown for the variables mentioned in the paragraph above as well as for
related ones. Each figure shows for a given astronaut from top to
bottom a series of three plots. The one at the top provides the 5 to 95
percentile limits created by using the entire set of data obtained from
the designated astronaut during the scheduled pre-flight transverse
28-hour investigations. The plots shown in the middle and at the bottom
of each of these figures provides the 5 and 95 percentile limits calculated
by using a portion of the aforementioned data base--for data collected
during a 6-hour span of time from 0600 to 1200 (Houston time), as shown
in the middle plot, or from 1800 to 0000 (Houston time), as shown in the
bottom plot. A 6-hour span was chosen to ensure that a sufficient
number of data would be used to calculate representative percentile
limits. The clock times of 0600 to 1200 were selected since the majority

of blood samplings during the mission and postflight were reported to
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have been done within this interval. Two separate TQRV plots were
created for each variable and astronaut to evaluate whether a given
hematologic wvalue was typical or atypical, considering on the one hand
complete adjustment of the circadian system to night work did not occur
and therefore the limits shown in the middle plot of each page are the
most appropriate or, on the other hand, complete adjustment did occur
and therefore the limits shown in the plot at the bottom of each page are
the most appropriate. The 5 and 95 percentile limits of each plot are
shown by horizontal darkened lines; the raw data are shown as "plus"
signs relative to the day of the vyear numerically indicated. Data are
shown for the following sampling dates in the top plots of each figure:
F-1, MD2, MD6, L+0, L+1, L+8 and L+13. In the middle and lower plots
of each figure data for day F-7 precede these aforementioned ones.
Below each plot is the calculated average, standard deviation and high
(95 and 5) percentile limits.

The effect of the space environment and associate factors on each
variable is considered separately. The variables, however, have been
grouped with respect to category.

RBC: Figures 5 and 6 present the plots of RBC. The one at the
top reveal the RBC on MD6 are beyond the 95th percentile limit in both
the astronauts. The TQRV indicate as well that the RBC is either at
the 95th percentile limit assuming no A¢ or well beyond it assuming a Ad
of 12 hours for astronaut 1 (Figure 5). The same feature is apparent in
the data of astronaut 3 (Figure 6). Thereafter, there a is trend of
gradual decline in the RBC of both astronauts with the L+13 counts
being below or at the 5th percentile |imit. Relative to the overall

(non-time-qualified) average using the entire data set the highest RBC
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on MC6 is approximately 8.5% greater while that on L+8 and L+13 is from
6.5% (astronaut 1) to 20% (astronaut 3) lower.

HGB: Figures 7 (astronaut 1) and 8 (astronaut 3) show the plots
for HGB. The pattern in this variable over time is similar, as might be
expected, as the one for RBC. Initially, in each astronaut there is a
rise in HGB peaking by MD6 (both MD2 and MD6 values extend beyond
the 95th percentile limit of astronaut 1). Thereafter, there is a decline
in HGB with the L+8 value of astronaut 1 being below the 5th percentile.
The MD6 value is 11.3% greater than the (non-time-qualified) average for
astronaut 1 and 15.3% greater than that for astronaut 3.

HCT: Figures 9 (astronaut 1) and 10 (astronaut 3) reveal similar
patterns in HCT as RBC and HGB. There is an increase in HCT during
flight with a peak on MDS. Thereafter, there is decline. For both
astronauts the HCT are extraordinary only if a complete A of the circa-
dian rhythm can be assumed (bottom plot). Similarly, the low wvalues
found for astronaut 3 on L+1, L+8 and L+13 are atypical only if this
assumption is valid (bottom plot). The peak value for HCT found on
MD6 is between 5.3% and 10% greater than the respective overall
(non-time-qualified) mean of each astronaut.

MCHC: Figures 11 (astronaut 1) and 12 (astronaut 3) for MCHC
show in both astronauts atypical values beyond the 95th percentile at
least on MD2, if not on MD6 as well (astronaut 3). Thereafter, the
values decline although remaining within the percentile limits. The
greater value for MCHC during flight relative to the respective overall
(non-time-qualified) mean of each astronaut varies from 6.4% to 4.7%

(astronaut 3).
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MCH: Figures 13 (astronaut 1) and 14 (astronaut 3) for MCH
reveal similar trends as those depicted for the variables of RBC, HGB,
MCHC and HCT; however, like the latter none of the wvalues are
atypical.

MCV: Figures 15 (astronaut 1) and 16 (astronaut 3) for MCV
reveal only the F-1 value is low, unusually so in the case of astronaut 1
in particular unless one assumes a completed circadian system A¢ by this
time (bottom plot). All other values are within each astronaut's consid-
ered normal range.

WBC: Figures 17 (astronaut 1) and 18 (astronaut 3) show the plots
for WBC. For astronaut 1, all the variables are unremarkable. For
astronaut 2 assuming no A¢, all the preflight and inflight counts appear
to be elevated beyond the 95th percentile.

EOSINOPHILS: The plots for eosinophils are shown in Figures 19

(astronaut 1) and 20 (astronaut 3); for neither one of the two astro-
nauts were the values unusual.

MONOCYTES: The trends shown in Figures 21 (astronaut 1) and

22 (astronaut 3) for the two astronauts are similar; both the F-1 and
L+13 values are beyond the 95th percentile.

LYMPHOCYTES: Figure 23 (astronaut 1) and 24 (astronaut 3)

present the plots for lymphocytes. The data of astronaut 1 are not
unusual unless it can be assumed that a complete A¢ was successfully
achieved. Accordingly, all the lymphocytes values fall below the S5th
percentile limit. The data of astronaut 3 reveal below usual values for
MD2, MD6 and L+0 (in all the plots).

BANDS AND BASOPHILS: The plots of Bands are shown in Figures

25 (astronaut 1) and 26 (astronaut 3) and basophils for astronaut 1 only,
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Figure 27, reveals that only very minor changes were detectable in these
variables.

TOTAL PROTEIN: Figures 28 (astronaut 1) and 29 (astronaut 3)

give the plots for total protein. For astronaut 3, the data are mostly
within the expected range with the L+8 and L+13 values being lowest and
below the 5th percentile assuming a complete A¢. This is the case for
astronaut 3 also, although nearly all the values are at or below the 5th
percentile assuming a complete Ad. For astronaut 3 the lowest total
protein represents a 7.5% reduction relative to his overall
(non-time-qualified) mean, while for astronaut 1 the lowest value repre-
sents a 8.5% reduction.

ALBUMIN: Figures 30 (astronaut 1) and 31 (astronaut 3) provide
the plots for albumin. In comparison to total protein above, the data
during and after flight for astronaut 3 are all within the usual range
even if TQRV are taken into consideration. Similar to total protein, for
astronaut 1, the flight and L+0 and L+1 data appear to be unusual,
assuming a complete Ap. The greatest value for albumin for astronaut 1
on MD2 is 16.1% higher than his overall (non-time-qualified) mean. For
astronaut 3 the greatest value is 12.9% higher than his overall mean. In
general, both astronauts exhibit a trend of declining values by L+8 and
L+13 relative to the inflight levels.

ALPHA-1 PROTEIN: Figures 32 (astronaut 1) and 33 (astronaut 3)

reveal no unusual deviations in alpha-1 protein levels unless the percen-
tile limits of the lower plot are used. In this case the L+8 and L+13
values are atypical. However since by this time it can be expected that
had a complete A9 been achieved in the first place, by L+8 and L+13,the

circadian system should have shifted back to its original timing. Thus,
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it would be inappropriate to consider these data as atypical since the
limits of the middle plot would then be the correct ones to use.

ALPHA-2-PROTEIN: Figure 34 (astronaut 1) and 35 (astronaut 3)

present the alpha-2 protein plots. None of the data are beyond the
calculated percentile limits.

BETA PROTEIN: Figures 36 (astronaut 1) and 37 (astronaut 3)

give the plots for beta protein. The values, in general, for astronaut 1
are reduced being near the 5th percentile in the upper and middle plots
and below it assuming a complete phase shift (lower plot). For
astronaut 3, the wvalues on L+0 and L+13 are reduced below the 5th
percentile limit as is the value on F-1 considering the TQRV shown in
the bottom plot.

GAMMA PROTEIN: Figures 38 (astronaut 1) and 39 (astronaut 3)

reveal that the levels of gamma protein both during and after the space
flight were reduced to around or below the 5th percentile limit. This is
especially evident for astronaut 1. The lowest value around L+0 or L+1
represents an  approximately 50% difference from the overall

(non-time-qualified) mean of the respective astronauts.

POTASSIUM, OSMOLARITY AND TRANSFERRITIN: Although all but

osmolarity exhibited marked circadian differences when studied during
the preflight transverse 24-hour studies, these variables apparently were
not investigated during or following the mission. Nonetheless, graphic
representation of these limits (without consideration of TQRV) can be
found in Appendix D as can those for other hematologic variables for

which studies were not conducted in or postflight.
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PART IV: DISCUSSION OF FINDINGS AND

RECOMMENDATIONS FOR FUTURE INVESTIGATIONS

The findings for both the astronauts although exhibiting individual
differences were similar with respect to RBC, HGB, HCT and MCHC.
Greatest values were observed by MD6 or L+0 and lowest ones were seen
on L+8 or L+13. This is the case in particular for RBC and HGB.

Although WBC and eosinophils did not exhibit atypical levels,
monocytes tended be above the 95th percentile by L+13 while lymphocytes
were reduced below the 5th percentile at least during the mission in both
astronauts. The bands and basophils being in such low number did not
enable useful analysis and interpretation.

In spite of the fact there were no consistent trends in both the
astronauts for the wvariables of total protein, albumin, aphla-1 and
alpha-2 and beta proteins, there was a suggestion that the level of
gamma protein was reduced in both astronauts at least during the
mission.

In reviewing the findings of the effect of space flight and its
associated effects, one is left with the impression that very few statisti-
cally significant changes (these being defined as values below or above
the 5th and 95th percentiles, respectively) resulted. Although trends
were noted in the RBC, HGB, HCT and MCHC for example, these do not
appear significant from a performance and health perspective. Similarly,
changes in monocytes during the post-flight phase and also in lympho-
cytes during the mission, itself, have not been related to decrements in

immunosurveillance.
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In this project, time-qualified reference values (TQRV) were used
to ascertain whether hematologic parameters during and after flight were
within the usual range. Although the original intent was to use appro-
priate TQRV adjusted for the degree of the A¢ when the two astronauts
were switched from day to nighttime activity, it was impossible to dis-
cern with certainty whether the circadian system of the astronauts
actually did undergo a significant alteration. Most of the variables
graphed in Figure 1-3 of Part IIl reveal minor or no Ad¢. This is the
case for example for cortisol immediately postflight. This is definitely
unexpected, especially in individuals regularly adhering to night work or
rotating shift work schedules (3,4), although it is known there exist
individual differences in the rate of the A for a given variable as well
as differences between variables in the rate of A¢ within the same indi-
vidual (5).

Focusing upon the urinary cortisol data of Part Il and in the
absence of other data to the contrary, it appears that no meaningful
alteration of the circadian system resulted. This indicates the most
appropriate reference limits were those shown in the middle plots of the
figures of Part Iil. It must be pointed out that even if one wished to
assume that a complete A¢ of the circadian system was accomplished by
each astronaut, without supporting data before and during flight it is
not possible to confirm this; nor is it possible to determine the date
when the hypothesized A¢ was complete. Thus, even if there were
evidence that a A¢ had occurred, it would not be known with certainty if
the data taken on MD2, MD6 or L+0 should be compared to the percentile
limits given in the bottom plots of each figure. Furthermore, without

"marker rhythm" data during the postflight period, it is not known if
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the L+8 and L+13 data are representative of a re-entrained (to diurnal
activity and nocturnal rest) circadian system.

For these reasons further projects incorporating TQRV, especially
when shift, night or altered work schedules of some nature are used,
must incorporate monitoring equipment to obtain time series data on body
temperature, heart rate and activity over continuous 24-hour periods to
know when the different TQRV are most appropriately applied. With the
availability of new generation, light-weight, telemetry monitoring sys-
tems, this requirement for the additional needed data can be rather
easily satisfied. These data also could be used to supplement those
obtained from scheduled 28-hour blood, urinary and/or salivary sam-
plings to provide the necessary data to better assess the effects of
space flight on human being on an individual basis as discussed herein
(Part 111).

Finally, this project has evaluated the effects of a unique environ-
ment using a substantial data base--up to 13 to 21 determination per
variable per astronaut. This data base has enabled using 5 and 95
percentile limits to ascertain whether mission or postflight data are
typical or atypical. From a traditional point of view, the non-TQRV
shown at the top of each of the figures, with few exceptions, reveal that
mission and postflight conditions generally are not associated with atypi-
cal hematologic parameters. Our large data base provides a greater level
of confidence in evaluating data from astronauts studied in and after
flight. It is the understanding of this investigator and also the consul-
tants to this project that a rather large data base for every astronaut
exists from scheduled preflight biological samplings and also from several

once-yearly physical examinations at the JSC. We recommend all these
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data be assembled on an individual basis in order to generate percentile
limits to evaluate retrospectively more comprehensively the inflight and
postflight data already on hand, assuming this has not yet been done.
Also, we recommend the creation and use of normal ranges for astronauts
participating in future missions to continue the study of biological ad-

justments of human beings to space conditions with greater precision.
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APPENDIX A

Results of Single Cosinor Analyses by Astronaut,
Variable and Transverse Study



TABLE A
Results of Single-Cosinor Analyses for Hematology Variables

Astronaut une

Circadian
Studied Transverse Mesor
Variable Study No. M Ampli-  Acro-
tude phase*
EP 1 0.30 0.22 1535
2 0.76 0.36 1042
RBC 1 4.92 0.06 0403
2 4.97 0.21 13441’
3 4.77 0.23 1519
HGB 1 15.26 0.22 0330
2 14.33 0.72 1346T
3 14.77 0.64 1424
HCT 1 44 .57 0.9 0536
2 43.25 1.51 1308T
3 43.04 2.09 1504
MCV 1 90.07 0.36 0636
2 86.80 0.68 0430
3 90.75 0.43 1726
MCH 1 31.29 0.46 0024
2 28.69 0.35 1206
3 31.00 -- --
MCHC 1 34.36 0.30 2154
2 33.10 0.44 1111
3 34.25 0.45 0514
Reticulocytes 1 0.56 0.06 1046T
2 0.29 0.09 0412
3 No data
WBC 1 6.29 0.66 0300
2 5.75 1.89 0259T
3 5.62 0.55 2307
Polymorphs 1 45.64 6.92 1145
2 41.33 3.75 0502T
3 41.17 8.07 0124
Lymphocytes 1 46.36 9.00 2349
2 47.06 6.32 1803T
3 53.33 7.95 1345



TABLE A (continued)

Circadian
Studied Transverse Mesor
Variable Study No. M Ampli- Acro-
tude phase*
Bands 2 6.07 2.83  o0605'
Monocytes 1 3.21 1.39 1540
2 4,07 0.67 1024
3 1.10 0.45 0024
Eosin 1 4.35 1.78 0955
2 1.77 0.43 2032
3 4.60 1.32 1002
Total Protein 1 7.35 0.23 1100
2 7.17 0.27 1547
3 7.10 0.34 1654
Albumin 1 4.80 0.21 0955
2 4.07 0.31 2145
3 4,32 0.10 1129
Alpha 1 1 0.30 - -
2 0.31 0.13 1000
3 0.27 0.06 1900
Alpha 2 1 0.50 - .
2 0.80 0.18 1500
3 0.54 0.08 2100
Beta 1 0.70 0.04 1418
2 0.67 0.06 1409
3 0.76 0.06 2131
Gamma 1 1.05 0.06 1300
2 1.30 0.15 1155
3 1.24 0.20 1529
Hapto 1 53.00 20.35 1004
2 99.66 9.48 1341
3 50.97 5.20 1140
Transf 1 249.50 22.61 1320T
2 237.10 21.75 1829
3 284.16 29.23 1807
Ferrit 1 132.00 13.23 2022T
2 117.73 6.41 0904
3 100.37 3.23 0449



TABLE A (continued)

Circadian
Studied Transverse Mesaor
Variable Study No. M Ampli-  Acro-
tude phase*
Sodium 1 139.8 0.86 0300
2 137.5 0.37 0842
3 138.1 0.91 1352
Potassium 1 4.60 0.81 2227
2 5.1 1.73 2251T
3 5.40 1.32 2051
Osmolarity 1 292.4 1.98 0116
2 288.9 7.23 2224
3 289.0 0.78 0352

*Amplitudes listed as one-half the peak-to-trough differ-
ence; acrophase given in clock hours from 0000.

T

Statistical significance: p < 0.05

h-4



TABLE B

Results of Single Cosinors Analyses for
Hematological Variables

Astronaut Two

Circadian
Studied Transverse Mesor
Variable Study No. M Ampli-  Acro-
tude phase¥*
EP 1 0.30 0.04 0832
2 0.39 0.02 0618
RBC 1 4.38 0.15 1108
2 4.71 0.15 1559
3 4.50 0.15 1321
HGB 1 13.68 0.37 10227
2 13.82 0.82 1608
3 14.02 0.53 1402
HCT 1 40.43 1.22 1018
2 40.43 1.46 1548
3 40.86 1.21 1248
MCvV 1 91.28 0.99 0152
2 85.41 0.16 1654
3 90.64 0.60 0637
MCH 1 31.31 0.35 2320
2 29.17 0.90 1656
3 31.19 0.31 2043
MCHC 1 33.96 0.26 1500T
2 34.36 0.61 1726
3 34.19 0.31 2043
Reticulocytes 1 0.80 0.09 16131,
2 0.44 0.06 1728T
3 0.51 0.12 1712
wBC 1 6.10 0.73 2142T
2 6.25 1.35 2236T
3 5.15 0.74 2218
Polymorphs 1 43.61 3.08 1652T
2 44.42 5.54 1930
3 45.32 2.37 2129

p-<



TABLE B (continued)

Circadian
Studied Transverse Mesor
Variable Study No. M Ampli-  Acro-
tude phase*
Lymphocytes 1 43.39 1.61 0713
2 43.09 4.03 0106
3 48.19 3.52 1040
Bands 2 3.18 1.71 0542T
Monocytes 1 2.43 0.29 0912;
2 2.86 2.11 1028
3 1.83 0.87 0210
Eosin 1 10.31 2.22 0330
2 7.70 2.28 1330
3 4.66 .75 2310
Total Protein 1 7.26 0.31 1715
2 7.46 0.31 1808
3 7.13 0.24 1313
Albumin 1 4,20 0.25 1033
2 4.41 0.87 0922
3 4.82 0.42 1322
Alpha 1 1 0.27 0.10 1238
2 0.38 0.21 2015
3 0.19 0.02 2024
Alpha 2 1 0.61 0.62 1936
2 0.70 0.12 2039
3 0.44 0.06 0154
Beta 1 0.81 0.10 1839
2 0.76 0.15 2052
3 0.70 0.03 0405
Gamma 1 1.39 0.32 2031T
2 1.18 0.62 2051
3 0.99 0.06 0104
Hapto 1 111.33 4.81 2354
2 111.56 10.97 1455
3 130.36 8.87 0903
Transf 1 285.41 17.68 1936
2 311.65 20.66 1742
3 287.17 13.97 1315



TABLE B (continued)

Circadian
Studied Transverse Mesor
Variable Study No. M Ampli-  Acro-
tude phase*
Ferrit 1 43.15 4.56 1818
2 35.41 2.24 1854
3 33.37 1.65 1030
Sodium 1 139.7 0.07 1500
2 139.8 1.05 0718
3 139.5 0.38 1654
Potassium 1 4.62 0.12 2242
2 4.88 0.67 2038
3 4.69 0.47 2318
Osmolarity 1 291.4 1.16 2031
2 294.3 3.32 0054
3 290.3 3.56 2354

*Amplitudes listed as one-half the peak-to-trough differ-
ence; acrophase given in clock hours from 0000.

TStatistical significance: p < 0.05

A



TABLE C

Results of Single Cosinor Analyses for
Hematological Variables

Astronaut Three

Circadian
Studied Transverse Mesor
Variable Study No. M Ampli-  Acro-
tude phase*
EP 2 0.42 0.05 0154
RBC 2 4.97 0.27 1526;{
3 5.09 0.15 1236
HGB 2 13.64 0.72 1933T
3 15.55 0.56 1236
HCT 2 40.51 1.80 19501
3 44.93 1.49 1312
MCV 2 81.47 4.41 0020
3 88.25 0.87 1317
MCH 2 27.65 1.53 2349T
3 30.86 0.31 1442
MCHC 2 33.72 0.28 1209
3 35.00 -- --
Reticulocytes 2 0.43 0.06 2054
3 0.98 0.21 1136
WBC 2 7.79 1.83 22247
3 6.12 0.59 1924
Polymorphs 2 52.32 7.06 1545
3 52.95 2.79 0632
Lymphocytes 2 36.71 5.71 0246
3 43.70 1.62 1647
Bands 2 6.24 1.90 o243
Monocytes 2 3.61 0.94 1155
3 No data
Eosin 2 1.59 1.32 1121}F
3 2.01 0.60 0522



TABLE C (continued)

Circadian
Studied Transverse Mesor
Variable Study No. M Ampli-  Acro-
tude phase*
Total Protein 2 7.12 0.43 1900;
3 7.33 0.47 1442
Albumin 2 4.14 0.54 1743
3 4,59 0.46 1521
Alpha 1 2 0.34 0.01 OGZST
3 0.28 0.09 0011
Alpha 2 2 0.58 0.04 0411
3 0.50 0.07 2131
Beta 2 0.70 0.06 2330
3 0.70 0.11 1533
Gamma 2 1.39 0.09 0134
3 1.38 0.22 1133
Hapto 2 61.09 5.39 1042
3 52.73 13.17 1642
Transf 2 252.84 25.80 1942T
3 281.63 35.58 1308
Ferrit 2 42 .44 4.04 1712
3 53.90 1.86 0718
Sodium 2 140.6 0.61 0515
3 140.9 0.92 0856
Potassium 2 4.51 0.92 1836T
3 5.01 1.10 2251
Osmolarity 2 303.1 12.27 0127
3 295.2 8.55 0117

*Amplitudes listed as one-half the peak-to-trough differ-

T

ence; acrophase given in clock hours from 0000.

Statistical significance: p < 0.05

n- 4



APPENDIX B

TIME-QUALIFIED REFERENCES: IRRESPECTIVE OF AGE

For greater detail see related bibliography:
(1) Haus, J.E., Lakatua, D.J., Sackett-Lundeen, L.L. and Swoyer,
J.:  Chronobiology in laboratory medicine. In Reitveld, W. (Ed.),

Clinical Aspects of Chronobiology. Madition in Buaen, Holland, in

press.
(2) Haus, E., Lakatua, D.J., Swoyer, J. and Sackett-Lundeen, L.:
Chronobiology in hematology and immunology . Am. J. Anat.

168:467-517, 1983.
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